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The ability of infants to discriminate between opposite directions of motion was assessed using 
forced-choice preferential looking between a random-dot pattern which was segregated into 
regions which moved in opposite directions, and a uniform pattern in which all the dots moved in 
the same direction. The first experiment measured velocity thresholds (Vain and Vm~) for direction 
discrimination; between 10 and 13 weeks Vmin decreased, while at the same time Vmx increased. The 
second experiment explored possible implications of this expanding velocity range for direction 
discrimination by younger infants. One-month-olds showed no evidence for direction discrimina- 
tion at any of a number of test velocities in the range 1-43 deg/sec. The 1-month-olds were also 
tested with two additional conditions: they could discriminate between moving and static patterns 
at velocities of 10 deg/sec or above, and they could also discriminate between coherent and 
incoherent motion at velocities of 21 deg/sec or below. Neither of these discriminations depends on 
sensitivity to the direction of the coherent motion. The results suggest that l-month-olds may not be 
sensitive to the direction of visual motion. Copyright © 1996 Elsevier Science Ltd. 
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INTRODUCTION 
It is a common observation that newborn infants readily 
attend to moving visual stimuli, and it is tempting to 
assume from this that motion processing is already quite 
mature at birth. However, there is more to motion 
perception than the ability to distinguish between moving 
and stationary stimuli which is implied by this observa- 
tion. Sensitivity to differences in speed and direction are 
also necessary, and discrimination between opposite 
directions is often used as a criterion for motion 
sensitivity in psychophysical nd physiological experi- 
ments. 
Using forced-choice preferential looking (FPL), Wat- 
tam-Bell (1992) found that infants aged 8 weeks and 
above could discriminate between opposite directions of 
motion. These experiments used random-dot patterns in 
which a target region moved in the opposite direction to 
the background; for adult observers the opposite direc- 
tions resulted in perceptual segregation of the patterns. 
The infants showed aconsistent preference for the target, 
indicating that they too were sensitive to the different 
directions. Moreover, the maximum displacement limit 
(dmax) for direction discrimination--and thus the max- 
imum velocity (Vmax)--increased with age. Using a 
similar task (i.e. detection of shearing relative motion 
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in random dot patterns), Bertenthal and Bradbury (1992) 
found that minimum velocity thresholds (Vmin) decreased 
with age. 
Together, these results imply that infants' sensitivity to 
direction is confined to a limited range of velocities 
which expands during development, and this raises the 
possibility that the velocity range vanishes in infants 
younger than 8 weeks; there may be a period after birth 
during which infants are not sensitive to direction at any 
velocity. The experiments described here explored this 
possibility. FPL was used to test for direction discrimina- 
tion in 1-month-olds with stimuli which were broadly 
similar to those of Wattam-Bell (1992), i.e. random-dot 
patterns in which opposite directions were segregated 
into different regions. 
At very low velocities, a moving pattern will appear 
stationary; while at very high velocities, the coherence of 
apparent motion (as used here) breaks down, and it 
becomes indistinguishable from incoherent motion (i.e. 
motion without defined irection and speed, which can be 
produced by repeatedly replacing a random-dot pattern 
with a new and uncorrelated set of dots). Direction 
discrimination will only be possible for velocities lying 
between these limits. The lower limit is given by Vmi n for 
discrimination between moving and static patterns. A 
number of studies have examined this threshold in 
infants, and there is general agreement that from the 
age of 6 weeks, moving vs static Vmin decreases with age 
(Volkmann & Dobson, 1976; Kaufmann et al., 1985; 
Aslin & Shea, 1990; Bradbury et al., 1990). An upper 
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bound for the velocity range is given by v .... for 
discrimination between coherent and incoherent motion, 
which increases during development (Wattam-Bell, 
1992). 
It is important to realise that neither of these 
discriminations necessarily depends on sensitivity to the 
direction of coherent motion. Both can be achieved by 
detecting differences in temporal modulation: in the 
moving vs static case, only the moving pattern is 
temporally modulated, while in the coherent vs incoher- 
ent case, the coherent motion has relatively more energy 
at low temporal frequencies (see Wattam-Bell, 1992). 
Hence in each case almost any temporal filter, whether or 
not it is directionally selective, will show a differential 
response to the two kinds of motion being contrasted. 
This means that the velocity limits defined by these 
discriminations may well be wider than the range of 
velocities for which direction can be discriminated. 
Wattam-Bell  (1992) found this to be the case for coherent 
vs incoherent motion; in adults and infants (8-13 weeks), 
its v~ was about three times Vm~x for direction 
discrimination. 
The experiments on 3-6-week-olds reported here 
examined all three discriminations: (a) opposite direc- 
tions; (b) moving vs static; and (c) coherent vs incoherent 
motion. Briefly, the value of the latter two lies in the fact 
that between them they define the velocity range over 
which direction discrimination will be possible, if at all; 
but they do not demand sensitivity to direction, so I- 
month-olds are quite likely to be capable of thcm cvcn il 
they lack directionality. 
To set the scene, the first experiment looked at the 
development of directional v,li,, and v, ..... [i.c. discrimina- 
tion (a) only] in older infants (10- and 13-wcek-olds). 
Because measures of Vm,x (and quite possibly Vmin) arc 
known to depend on stimulus parameters uch as size, 
position in the visual field, spatial frequency content and 
dot size (Chang & Julesz, 1983; Nakayama & Silverman, 
1984; Baker & Braddick, 1985; Cavanagh et al., 1985), 
the aim here was to confirm that the developmental trends 
found in previous studies (i.e. the divergence of v,,,m and 
v ..... ) could be reproduced with the stimuli uscd in the 
current study. The second experiment was then carried 
out on 3--6-week-olds, and looked at all three discrimina- 
tions (a, b and c). 
METHODS 
Stimuli 
The stimuli consisted of a pair of random-dot patterns, 
as illustrated in Fig. 1. One of these (the segregatcd 
pattern) was divided horizontally into three regions, with 
the central region moving in the opposite direction to the 
upper and lower regions. The uniform pattern, on the 
segregated uniform 
FIGURE 1. Schematic of the stimulus. Each random-dot pattern was 19 deg wide by 39 deg high, and was made up of 
0.64 x 0.64 deg squares which had a equal probability of being light (14.3 cd/m 2) or dark (I).9 cd/m2). The two patterns wcrc 
positioned symmetrically about the midline of the display, with their inner edges 10.2 deg apart. The luminance of the gap 
between them was the same as the mean luminance of the patterns (7.6 cd/m2). In the segregated stimulus the central panel was 
12.6 deg high, while the two outer panels were 13.2 deg high. The directions of coherent motion, indicated by the arrows, 
reversed every 0.48 sec, synchronously across the whole display. 
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opposite side of the display, was not segregated; all parts 
of the pattern moved in the same direction. Motion was 
always along the horizontal axis, and its direction 
reversed every 0.48 sec, so that the patterns oscillated 
from side to side. Since the direction reversals happened 
at the same time in all parts of the display, they did not 
disrupt he relative motion of the segregated pattern; the 
central region always moved in the opposite direction to 
the upper and lower ones. Oscillating motion was used to 
minimize eye movements racking the stimulus. 
The patterns were generated by an Acorn Archimedes 
computer and displayed on a 26" video monitor 
(Mistsubishi HC3505). The computer updated the display 
every 20 msec; hence the coherent motion consisted of a 
sequence of discrete displacements separated by this 
interval, and had a velocity of 50 x (displacement size). 
The computer drew the patterns on an underlying pixel 
array whose pitch was 0.08 deg, so that each pattern 
element spanned 8 pixels. Small displacements were 
achieved by modulating pixel brightness at the vertical 
borders between light and dark elements, thus shifting the 
luminance centre of gravity. There were 16 distinct 
brightness levels, which allowed displacements of 
1/15 pixel--i.e. 0.0053 deg, giving a minimum velocity, 
and a minimum velocity increment, of 0.27 deg/sec. For 
large displacements his process was combined with 
shifts by a whole number of pixels. The patterns did not 
wrap-round, so there was no physical upper limit to the 
velocity/displacement size. 
This method of generating coherent motion results in 
apparent motion with a fixed relationship between 
displacement size and velocity, so that these are 
equivalent physical measures. Velocity is used below to 
describe the results, but this is not meant o imply that the 
infants' performance is necessarily limited by velocity 
rather than displacement; the present experiments do not 
distinguish between these alternatives [but see Experi- 
ment 4 of Wattam-Bell (1992), which addresses this 
issue]. 
The boundaries of the patterns did not move, but 
instead acted as fixed windows though which the motion 
was viewed; elements extending beyond them were 
chopped off at the boundaries. 
The stimulus described above was used to explore 
discrimination between opposite directions of motion 
[i.e. discrimination (a)], and all regions of the two 
patterns moved at the same speed. Modified versions 
were used to test two further discriminations: 
(b) Coherent motion vs static. The central region of the 
segregated pattern moved coherently as above, but 
now the upper and lower regions, and the uniform 
pattern, were all stationary. Hence the discrimination 
here was between moving and static patterns. A lower 
velocity threshold (Vmin) should be measurable for 
this---e.g, when the coherent region is moving so 
slowly that it appears tationary. 
(c) Coherent vs incoherent motion. The central region of 
the segregated pattern again moved coherently, while 
theupper and lower regions, and the uniform pattern, 
moved incoherently. Incoherent motion was produced 
by replacing the pattern with a new uncorrelated 
random-dot pattern every 20 msec. Here, there will be 
an upper velocity limit (Vmax). There is a physical 
limit when the velocity is so high that the size of each 
coherent displacement is greater than the width of the 
pattern, so that an entirely new random-dot pattern 
appears on each frame, and the coherent motion 
becomes incoherent. In practice, however, Vmx is 
lower than this (see Wattam-Bell, 1992). 
Note that each of these, by itself, yields only a single 
velocity threshold; at the other extreme of the velocity 
range (i.e. high velocities for moving vs static, zero 
velocity for coherent vs incoherent) each becomes a 
discrimination between static and incoherent motion, for 
which the difference in temporal modulation is at a 
maximum. 
The three conditions had a number of features in 
common: patterns with the same spatial structure; 
discrimination between segregated and uniform patterns; 
and the central region of the segregated pattern moved 
coherently, in the horizontal direction, with direction 
reversals every 0.48 sec. The main difference lay in the 
kind of dynamic behaviour which was contrasted with 
coherent motion, and thus the type of cue available for 
segmenting the segregated pattern. 
For all three conditions, an entirely new random-dot 
pattern was generated at the start of each trial. 
Procedure 
Forced-choice preferential looking (Teller, 1979) was 
used to assess preference for the segregated pattern, and 
thus discrimination between it and the uniform pattern. 
The first experiment measured upper and lower velocity 
thresholds (Vmax and Vmin), using a modified version of the 
2-up/i-down staircase (Wetherill & Levitt, 1965) similar 
to that described by Swanson and Birch (1990). For Vmax, 
staircases tarted at 7.5 deg/sec. Velocity increased by 
0.075 log units between each trial until the first incorrect 
response. The level at which this occurred formed the 
starting point for two reversals of the 2-up/i-down 
procedure which used velocity steps of 0.15 log units. 
This was followed by a further six reversals with steps of 
0.075 log units. Threshold (nominally, the velocity giv- 
ing a performance of 70.7% correct) was estimated from 
the mean of the velocities at which these last six reversals 
occurred. If at any time the 2-up/I-down procedure 
demanded a velocity lower than the start point (7.5 deg/ 
sec) for the next trial, it was abandoned in favour of a 
blocks procedure. This started with trials at 7.5 deg/sec, 
which continued until either: (a) with a minimum of five 
trials performance was above chance (P < 0.05, binomial 
distribution), in which case velocity was increased by 
0.15 log units and the procedure repeated; or (b) after a 
minimum of 20 trials performance was <70% correct and 
not significantly different from chance, in which case the 
staircase was stopped and threshold estimated as 
0.075 log units below the current velocity level. Clearly 
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the blocks procedure can terminate with chance perfor- 
mance at 7.5 deg/sec, producing a undefined threshold; 
however, this never happened in the present experiments. 
Measurements of Vmin followed the same procedure, 
except that staircases tarted at 10.4 deg/sec, and the 
direction of the velocity steps was reversed. 
Subsequent experiments used the method of constant 
stimuli. The infants were given 10-20 trials at each of a 
number of velocity levels which were spaced 0.3 log 
units (i.e. a factor of 2) apart. Overall, the mean number 
of trials per infant and per velocity was 15.5 (SD 3.5). 
The method of constant stimuli was chosen for 1-month- 
olds because: 
1. if they are not sensitive to direction at any velocity it 
is important o establish that they produce chance 
performance for a range of different velocities, and 
the staircase is only guaranteed to generate nough 
trials to establish this at a single velocity (7.5 
deg/sec); and 
2. even if they are sensitive to direction, Vmi n and Vmax 
may be quite close together, so that there is a good 
chance of a staircase measuring Vma~ calling for 
trials at velocities below Vmin; if this happens, it will 
generally fail to find a threshold. A staircase aimed 
at Vmi, can encounter similar difficulties. 
The infant subjects were seated on a holder's lap at a 
distance of 40cm from the display, which was 
surrounded by grey card, and beyond this by grey 
curtain. Room lighting was adjusted so that the 
luminance of the display and surround were approxi- 
mately the same. The observer viewed the infant from 
behind the display through a small hole immediately 
above the centre of the monitor, and could not therefore 
see the screen. 
Both the staircases and the method of constant stimuli 
were controlled automatically by the computer which 
generated the stimuli. Between trials the random dot 
patterns were stationary, and a 2.6 deg bright square 
which oscillated vertically was displayed in the centre of 
the screen to attract he infant's attention to the midline. 
When the infant was fixating this, the observer pressed a
button to start the trial. The fixation square was removed 
and the patterns tarted to move. The side on which the 
segregated pattern lay was randomly selected by the 
computer for each trial, and the observer pressed one of 
two buttons to indicate his judgement on this, based on 
the infant's looking behaviour. The observer could also 
press a button to cancel the trial if the infant became 
fretful, etc. 
Subjects 
The infant subjects were born within 14 days of their 
expected ate, and had no known ocular or other medical 
problems. All ages are reported as weeks post-term, and 
are exact in the sense that, for example, a group of 3-6- 
week-olds included only infants aged between 3 weeks 
0 days and 6 weeks 6 days. 
EXPERIMENT I 
The first experiment sought o confirm the idea that the 
range of velocities over which infants are sensitive to 
direction expands during development. Velocity thresh- 
olds (Vma x and 1Jmin) for discrimination of opposite 
directions were measured in twelve 10-week-olds and 
nine 13-week-olds. Vmi n was always measured first, and 
all subjects gave this threshold, while Vmax was obtained 
from eight of the 10-week-olds and seven of the 13-week- 
olds. 
Results and discussion 
The results (Fig. 2) showed the expected pattern; there 
was a significant increase in Vma,,, and a significant 
decrease in 1;min, between 10 and 13weeks (Vmax: 
t = 3.99, P < 0.005; Vmi,: t = 2.73, P < 0.02). 
The rise in Vmax with age replicates the results of 
Wattam-Bell (1992). The arrows in Fig. 2 show mean 
values of directional Vr~,x at 10 and 13 weeks from this 
previous study; despite differences in stimulus config- 
uration, there is a respectable quantitative as well as 
qualitative agreement between the two studies. 
The decrease in directional 1;mi n from 6.7 deg/sec at 
10 weeks to 3.1 deg/sec at 13 weeks is compatible with 
the results of Bertenthal and Bradbury (1992), who found 
a value of 3.5 deg/sec at 12 weeks, falling to 1.2 deg/sec 
at 20 weeks. 
It is also interesting to compare the present results with 
the motion VEP study of Wattam-Bell (1991). In that 
study, VEPs were recorded longitudinally for stimulus 
velocities of 5 and 20 deg/sec. At 5 deg/sec, positive 
responses first appeared at 10.6 weeks on average; while at 
20 deg/sec the onset was significantly later, at 12.7 weeks. 
These results imply that Vma x for the motion VEP is 
<20 deg/sec at 10 weeks, and increases to 20 deg/sec 
by about 13 weeks; in the present experiment, behavioural 
Vma,, rose from 13.9 deg/sec at 10 weeks to 28.9 deg/sec at 
13 weeks. The small discrepancy at13 weeks may well be 
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FIGURE 2. Mean values of Vmi n and Vmax for discrimination of 
opposite directions from the 10- and 13-week-old infants tested in 
Experiment 1. Note that the backwards extrapolations from the data 
(broken lines) are purely illustrative. The arrows show mean v, .... 
values obtained from infants of the same ages by Wattam-Bell (1992). 
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because the behavioural stimuli were presented in the 
peripheral visual field (between 10 and 29 deg), while the 
VEP stimuli were central and extended out to 12.5 deg: it is 
well known that in adults, upper motion thresholds increase 
with eccentricity (e.g. Baker & Braddick, 1985; van de 
Grind et al., 1986). The differences in stimulus location 
may also explain why 10-week-olds show a motion VEP at 
a velocity of 5 deg/sec, which is below their behavioural 
Vmi n (6.7 deg/sec); in adults, Vmi n is lowest for centrally 
located stimuli (e.g. Johnston & Wright, 1985). The 
differences between the VEP and behavioural results 
suggest that infant velocity thresholds might also vary with 
eccentricity. 
The results confirm that the velocity range for direction 
discrimination expands with age. However, whether 
directional Vmi n is the same as, or greater than, Vmi n for 
the discrimination of moving vs static, which is of some 
relevance to the experiments described below, remains a
question for future study. 
100 
EXPERIMENT 2 
The focus of the present work was on the implications 
of the expanding ap between Vmi n and Vma x for the 
performance of younger infants. The aim was to 
distinguish between the alternatives which are illustrated 
by the two ways shown in Fig. 2 of extrapolating back 
from the data to younger ages. In the first, Vmi n meets 
Vmax, so that there is some age before which infants are 
not sensitive to direction at any velocity, while in the 
second the thresholds do not meet--from birth, infants 
can discriminate direction, though only over a relatively 
narrow range of velocities. 
The next experiment examined iscrimination between 
opposite directions by 3-6-week-old infants, using the 
method of constant stimuli. Since failure to discriminate 
(i.e. chance performance at all velocities) was a 
possibility here, two further conditions---coherent vs 
static and coherent vs incoherent motion, which are 
described in the Methods--were also tested. In principle 
at least neither of these tasks depends on detecting the 
direction of the coherent motion, and it seemed likely that 
they could elicit above chance performance from infants 
who were not sensitive to direction. 
The first group of 3--6-week-olds were given trials at 
five velocities which were spaced 0.3 log units (i.e. a 
factor of 2) apart in the range 1.3-21.3 deg/sec. There 
were 15 infants in this group, and their mean age was 
5.6 weeks. For the first seven infants only direction 
discrimination was tested; the additional conditions were 
introduced when the overall ow performance in this task 
started to become apparent. After this, an attempt was 
made to test each subject with all three conditions, but 
was only successful with one infant. A further five infants 
managed two conditions each and two infants managed 
one. Overall, 11 infants gave direction discrimination 
results, five coherent vs static, and six coherent vs 
incoherent. 
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FIGURE 3. Individual results of the first group of 3-6-week-olds for 
discrimination of opposite directions from Experiment 2. Each point 
shows the performance of a single infant as per cent correct (i.e. per 
cent preference for the segregated target) out of 10-20 trials. Each 
infant contributed a point to each of the five velocity levels, though to 
avoid clutter no attempt has been made to link individual results across 
velocities. The solid symbols denote a performance that was either 
significantly above or significantly below chance (50% correct), each 
based on a one-tailed binomial P < 0.05. The short horizontal ines 
show mean performance of the group at each velocity. 
Results and discussion 
Figure 3 shows individual results for the direction 
discrimination task. Of the 55 data points shown, four 
were greater than expected from chance (using the one- 
tailed criterion of binomial P < 0.05) and three were 
below chance (same criterion). Hence the overall 
incidence of the above- and below-chance points was 
12.7% (7/55), which is close to the two-tailed rate of 10% 
expected if the infants were in fact performing at chance. 
Of course this analysis is not strictly valid, since the data 
points are not entirely independent (each group of five 
points comes from a single infant). However, the seven 
significant points are evenly spread across velocities and 
evenly split between above and below chance, and each 
came from a different subject, and it is clear that the 
individual results show little evidence for direction 
discrimination. The same is true for the group results-- 
i.e. the mean values of per cent correct at each velocity, 
which are shown in Fig. 3 and replotted in Fig. 4 (solid 
circles). As a group, the infants did not perform 
significantly above (or below) chance at any velocity. 
Figure 4 also shows the group results for the two 
additional conditions. These gave a very different picture. 
For the coherent vs static discrimination, performance 
improved with velocity up to a mean of nearly 90% at the 
highest velocity, while the coherent vs incoherent task 
produced consistently high performance (70-80%) at all 
velocities. These results make it clear that the poor 
direction discrimination performance shown by 3-6- 
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FIGURE 4. Mean (+ 1SE) performance of the first group of 3~5-week- 
olds for all three conditions ofExperiment 2. 
week-olds is specific to that task. However, their 
usefulness goes further than this. As argued in the 
Introduction, coherent vs static Vmi n should provide a 
lower bound for the velocity range over which direction 
discrimination is possible (if at all); likewise, Vma x for 
coherent vs incoherent motion should be an upper bound 
of this range. Unfortunately the velocities at which the 
infants were tested id not extend far enough to allow the 
latter to be identified. 
This was remedied with a second group of ten 3--6- 
week-olds (mean age 5.3 weeks). All ten infants provided 
direction discrimination data at four velocities, again 
separated by 0.3 log units, in the range 5.3-42.7 deg/sec. 
Five of the infants also gave results for the coherent vs 
incoherent condition; here, a fifth velocity was added to 
extend the range to 85.3 deg/sec. The coherent vs static 
condition was not tested. The group results are shown in 
Fig. 5. This time the coherent vs incoherent performance 
decreased towards chance levels at high velocities. At 
lower velocities results from the two groups agree quite 
well, the main difference being at 21 deg/sec, where the 
second group's performance was worse. Given the small 
sizes of the groups, this kind of discrepancy is perhaps 
not surprising. Moreover, the combined performance of 
the 11 infants from both groups was well above chance 
(71.6%: t = 4.25, P < 0.01) at 21 deg/sec, which implies 
that Vmax of 1-month-olds for coherent vs incoherent 
motion is greater than this. The second group's 
performance was not significantly above chance at 
43 deg/sec, which suggests that Vma x lies below this. 
Although the small number of subjects makes this a 
rather tentative conclusion, it is consistent with the results 
of Wattam-Bell (1992), who found a Vmax of 43.5 deg/sec 
at 9-10 weeks. 
For the direction discrimination task the group data 
again showed chance performance atall velocities tested. 
The same was true of the individual data; only 2 of the 40 
FIGURE 5. Mean (+ 1SE) performance of the second group of 3~6- 
week-olds for the direction discrimination a d coherent vs incoherent 
conditions of Experiment 2.These infants were not tested with the 
static ondition; the results hown here for this condition were from the 
first group. 
data points were significantly different from chance (one 
above and one below). 
DISCUSSION 
Judging from their chance performance in the direction 
discrimination task, it appears that 1-month-olds cannot 
discriminate between opposite directions of motion. But 
the results of the two non-directional conditions indicate 
that they are sensitive to other aspects of coherent 
motion, and suggest that it is specifically the use of 
directional cues that leads to difficulty. These additional 
conditions rule out two alternative xplanations: 
1. The fact that the infants performed well in both 
shows that the underlying paradigm--motion-based 
FPL between segregated and uniform random-dot 
patterns--works well with 1-month-olds. 
2. Between them, they provide outer bounds for the 
velocity range within which direction discrimina- 
tion is possible (if at all). 
Thus the overall velocity range used to test direction 
discrimination was certainly wide enough, since it 
extended well beyond these limits (and also beyond 
directional IJmi n and Frnax found at 10 weeks in Experi- 
ment 1). 
However, the question of whether the test velocities 
were sufficiently close together is less certain. The results 
do not rule out the possibility that 1-month-olds are 
sensitive to direction, but only over a range of velocities 
that is quite substantially narrower than the 2:1 ratio 
between adjacent test velocities; if the width of the range 
was close to (or above) this ratio, then there would have 
been a higher incidence of above chance performance in
the individual results, clustered around one or two of the 
test velocities (unless of course individuals' velocity 
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ranges were always neatly aligned with the test values, 
which is rather unlikely). 
The limits furnished by the non-directional conditions 
imply that any undetected sensitivity to direction will be 
between about 10 and 21 deg/sec (the range for which 
infants performed above chance in both tasks). This is 
already only a 2:1 ratio, and the true range for 
directionality (if it exists at all at this age) could be even 
narrower if, for example, the difference between direc- 
tional and coherent vs incoherent Vmax in older subjects 
also applies to 1-month-olds. So these results are also 
compatible with either a non-existent velocity range (i.e. 
no direction discrimination), or one so narrow that it 
could easily fall through the gaps between adjacent est 
velocities. Of course in the limit a very narrow velocity 
range would be empirically indistinguishable from a non- 
existent one; moreover as far as day-to-day experience 
was concerned, it would be reasonable to conclude in 
either case that the infants were essentially "direction- 
blind". 
While further FPL experiments using more closely- 
spaced velocities might be useful, there is an alternative 
account for the poor direction discrimination perfor- 
mance shown by 1-month-olds which also deserves 
attention. It may be that the infants are sensitive to 
direction over a considerable range of velocities, but that 
this does not lead to a compelling preference for the 
segregated pattern, which is of course essential to the 
success of the FPL experiments. While this still implies 
some kind of deficit in the use of directional information 
which is not found in older infants, or with the non- 
directional cues available in the other conditions, it is 
obviously worth investigating. Habituation-recovery is 
the method of choice for exploring infant discriminations 
in the absence of an intrinsic preference, and a 
companion paper (Wattam-Bell, 1996) describes experi- 
ments on motion processing in 1-month-olds using this 
technique. 
The present results seem at odds with those of Zanker 
and Mohn (1993), who used FPL to test discrimination 
between coherent and incoherent motion in 2-6-month- 
olds, and found chance performance at all ages. In their 
large-field Fourier motion condition, infants chose 
between two uniform patterns, one moving coherently, 
the other incoherently. In the present experiments, the 
contrast between coherent and incoherent motion pro- 
duced segregation of one of the patterns. It could be that 
when. both patterns are dynamic, this segregation is 
necessary to induce a reliable preference in infants. 
However, this cannot be the whole explanation for the 
discrepancy, since Zanker and Mohn's object Fourier 
motion condition, in which the coherent pattern was 
segregated, ~also produced chance performance. An 
additional factor may be that they used a rather low 
frame rate: at 17 Hz both the coherent and incoherent 
motion would have appeared quite flickery, whereas the 
50 Hz frame rate in the present study ensured that the 
coherent motion appeared quite smooth. Nevertheless, it 
is quite possible that the preferences shown here by 1- 
month-olds depend on their detecting that one of the 
patterns is segregated: perhaps the absence of a 
preference in the opposite directions condition reflects 
an inability to use directional cues for image segmenta- 
tion, rather than a lack of directionality as such. One of 
the habituation experiments described in the companion 
paper examines this possibility. 
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